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(54) Shoe having hydrodynamic pad 

(57) A hydrodynamic pad including flukJ-filled inner 
and outer bladders interconnected by fluid channels 
and configured such that displacement of fluid from the 
center of pressure distribution generated by foot impact 
radiates from the inner bladder outwardly to the outer 
bladder through one or more of the fluid channels caus- 
ing the outer bladder to expand to an expanded condi- 
tion. The expanded outer bladder seats the wearer's 
heel In the hydrodynamic pad. thereby stabilizing the 
foot of the wearer, and the controlled flow of fluid 
through the fluid channels to the outer bladder dissi- 
pates the impact loads, thereby cushioning the wearer s 
heel. When the pressure is released from the inner 
bladder, by lifting the wearer*s heel, the expanded outer 
bladder forces at least a portion of the displaced fluid to 
the inner bladder, such that the hydrodynamic pad is 
reinitialized. 
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Description 

Technical Field 

The present invention relates to shoes and compo- 
nents thereof, and more particularly to stabilizing and 
cushioning systems for shoes. 

Background of the Invention 

During sustained activity, an individual's feet are 
subjected to large, repetitious, ground reaction or 
impact forces generated in a gait cyde. The ground 
reaction forces associated with foot strike while walking 
ai e typically between one and one-and-one-half an indi- 
vidual's body weight. Runners impact the ground with 
vertical forces as high as three to four times their txxJy 
we^ht. depending upon their speed. In more dynamic 
activities, such as aerobics and basketball, impact 
forccc ac high as frve to six times an athlete's body 
weigN have been recorded. 

During the gart cycle of a runner, the runner's foot 
expenerres grouid reaction forces during the heel 
strike phase The heel strike phase begins with the ini- 
tial contact at the lateral or outer portion of the heel, and 
lasts until the rest of the foot or shoe contacts the 
ground. krK)wn as the flat foot phase. The flat foot phase 
lasts until the runners heel lifts, thereby beginning the 
toe off phase During the heel strike and the flat foot 
phases, the runner's foot typically pronates or supi- 
nates. and such pronation or supination will result in lat- 
eral movement of the runner's heel if the heel is not 
adequately stabilized. The typical running shoe 
attempts to stabilize the runner's heel by providing a 
generally rigid heel cup that is shaped to snugly receive 
the runner's heel. However, the heel cups are padded 
for comfort, and the padding Is compressible. Accord- 
ingly, the runner's heel experiences a degree of lateral 
movement relative to the heel cup as the heel is moved 
against the padding and the padding is compressed. 

The ground reaction forces experienced as the run- 
ner's foot is in contact with the ground are partially 
attenuated through a complex natural three-dimen- 
sional motion of the foot at the subtalar, metatarsal, 
other joint areas, and the calcaneous bone. Those 
areas of focused impact are generally concentrated in 
the heel and metatarsal regions of the foot. Accordingly, 
it is desirable to dissipate the impact forces and to limit 
joint motion beyond the natural motion of the foot. 

Many components and materials are known which 
provide cushioning that attenuate and dissipate ground 
reaction forces. Prior art shoes have long incorporated 
a midsole composed of closed cell viscoelastic foams, 
such as ethylvinylacetate ("EVA") and polyurethane 
("PU'^. EVA and PU are lightweight and stable foam 
materials which possess viscous and elastic qualities. 
The density or durometer. i.e.. hardness, of EVA and PU 
can be altered by adjusting the manufacturing tech- 
nique to provide drffering degrees of cushioning. 



Viscoelastic foam midsoles. however, suffer a 
breakdown of their resiliency, or elasticity, when sub- 
jected to the repetitive compression resulting from foot 
impact. Thus, the cushioning provided by the "spring" of 

5 such viscoelastic midsoles is diminished or depleted 
over time by the repeated compression of wear. 

A variety of alternate shoe structures less prone to 
breakdown have been derived for cushioning the impact 
of heel strike. Many of these include the use of gaseous 

10 and/or liquid chambers in the shoe sole. Often these are 
complex and costly, even to the point of toeing impracti- 
cal. 

Many prior sole structures or configurations for 
effecting cushioning extend over the forefoot and heel of 

15 the sole, either as one chamber extending the length of 
the sole, or as a heel chamber and a forefoot chamber 
connected by passageways. The forefoot chamber is 
nornr>ally provided to receive fluid from the heel cham- 
ber and then to force the fluid back to the heel chamber 

20 by pressure of the forefoot during foot roll and toeoff. too 
often resulting in instability beneath the foot. This insta- 
bility of the sole structure allows excessive pronation or 
supination. Moreover, such devices do not accommo- 
date the different impact forces resulting from different 

25 speeds of an activity e.g.. running versus jogging. Thus, 
while serving to lessen the problems associated with 
impact force, these sole configurations do not provide 
sufficient stability to the foot, and particularly to the heel. 
Recent commercial embodiments of shoes for 

30 cushioning inpact include the use of a gel In the shoe 
soles by one manutecturer, and of a pressurized air 
bladder In the shoe soles by another manufacturer. 
Although devices do effect certain impact cushioning, 
tests show that the impact absorption of such devices 

35 still exhibits sharp peak impact loads conskiered unde- 
sirably high, particularly during sustained activity. More- 
over, these commercial embodiments have the 
materials encapsulated under pressure and confined to 
a finite space; this encapsulation under pressure does 

40 not sufficiently accommodate different impact forces 
from persons of different weight or running at different 
speeds. 

Athletic shoes have been designed to accommo- 
date impact loads of faster gaits while maintaining a suf- 

45 ficient combination of stiffness and cushioning to 
comfortably accommodate impact loads during a slow 
gait. The athletic shoes utilize fluid-filled bladders 
wherein the controlled flow of fluid between a reanward 
and fonward chamtjer. as discussed in U.S^ Patent Nos. 

50 4.934.072 and 5.097.607, provides a cushioning sys- 
tem which dissipates impact loads in accordance to an 
individual runner's weight and gait. 

Summarvofthe Invention 

55 

The present invention provides a hydrodynamfo 
pad for a shoe which stabilizes and cushions the foot of 
a wearer, thereby advantageously addressing problems 
associated with prior art cushioning constructs. The 
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hydrodynamic pad of a preferred embodiment of the 
present invention achieves this stabilizing and cushion- 
ing by displacement of fluid between an inner bladder 
and an outer bladder. The inner bladder is adapted to be 
located in a shoe midsote at the center . f pressure dis- 5 
tribution generated by the compression generated dur- 
ing heel strike. The outer bladder is configured to 
coincide with the bottom periphery of the heel of the 
wearer, and the displacement of the fluid to the outer 
t>iadder causes the outer bladder to expand, thereby 70 
seating and stabilizing the wearer's heel during heel 
strike. The fluid displacement and the seating of the 
heel on the hydrodynamic pad nraximizes cushioning 
and support of the wearer's heel. 

More specifically, the hydrodynamic pad of a pre- is 
ferred errtbodiment is for insertion in the midsole of a 
shoe. The hydrodynamic pad includes an inner bladder 
having an anterksr portion, a posterior portton. and two 
longitudinal side portions extending between the ante- 
rior and posterior portions. The outer trfadder is posi- 20 
tioned outwardly from at least the longitudinal side 
portions and the posterior portion of the inner bladder. 
Fluid channels extend between the inner bladder and 
the outer bladder so as to provide a fluid pathway there- 
between, such that the fluid is movable between the 25 
inner and outer bladders. Upon application of a com- 
pressive force by a wearer's heel to the inner bladder, 
fluid is displaced from the inner bladder through the fluid 
channels to the outer bladder, thereby expanding the 
outer bladder and causing the outer bladder to seat the 30 
wearer's heel. The outer ttladder is a resilient bladder, 
and the expanded outer bladder is capable of forcing at 
least a portion of the fluid to return to the inner bladder 
when at least a portion of the compressive force is 
removed from the Inner bladder. Thus, when the com- ss 
pressive force is removed, such as by lifting the heel 
during the toe off phase, the outer bladder forces the 
fluid through the fluid channels such that the displaced 
fluid returns to the inner bladder and the outer bladder 
returns to an initial position. 40 

In a prefen-ed embodiment of the present invention, 
the outer bladder abuts at least the longitudinal side 
portions and posterior portion of the inner bladder. In an 
alternate emtjodinrent. the hydrodynamic pad includes 
a multiplicity of outer bladders radially spaced away 45 
from the anterior portion, longitudinal side portions, and 
posterior portion of the inner bladder. 

In yet a further alternate embodiment of the present 
invention, a single, continuous outer bladder is spaced 
away from the anterior portion, longitudinal side por- so 
tions and posterior portion of the inner bladder, and the 
Inner and outer bladders are connected by the fluid 
channels. 

The present invention further provides a method of 
stabilizing the foot while dissipating impact forces. In a 55 
preferred embodiment, the method includes the steps of 
providing the hydrodynamic pad. exerting a compres- 
sive force on th hydrodynamic pad with the heel of the 
foot and compressing the inner bladder such that at 



least a portion of the fluid in the inner bladder is forced 
outwardly through the fluid channels Into the outer blad- 
der, expanding the outer bladder from an inltiat position 
to an expanded position, and seating the heel in the 
outer bladder, thereby stabilizing the heel of the foot. A 
preferred method further includes removing the com- 
pressive force from the inner t)ladder. contracting the 
outer bladder and returning at least a portion of the fluid 
from the outer bladder through the fluid channels to the 
inner bladder. 

The mechanisms of action and advantages of this 
hydrodynamic pad and method of the present invention 
are more fully described below, in relation to the Illustra- 
tions provided in the accompanying drawings. 

Brief Description of the Drawings 

Rgure 1 Is a schematic side view of the tx>nes of a 
wearer*s foot. 

Rgure 2 is a partially cut-away, bottom Isometric 
view of a shoe with a hydrodynamic pad in accordance 
with a preferred embodiment of the present invention. 

Rgure 3 is a plan view of the hydrodynamic pad of 
Rgure 2. 

Rgure 4 is a cross-sectional view of the hydrody- 
namic pad of Rgure 3 taken substantially along line 4-4 
of Figure 3 showing the outer bladder in an initial posi- 
tion. 

Rgure 5 is a aoss-sectional view taken substan- 
tially along line 5-5 of Figure 2. illustrating the con-e- 
spondence between the hydrodynamic pad and the 
heel of the foot, shown In phantom lines when the outer 
bladder is in an expanded position. 

Rgure 6 is a top view of an alternate preferred 
embodiment of the hydrodynamic pad of the present 
invention. 

Rgure 7 is a aoss-sectional view taken substan- 
tially along line 7-7 of Figure 6. 

Detailed De scription of the Invention 

In reference to the drawings in detail, Figure 2 illus- 
trates a hydrodynamic pad 10 in accordance with a pre- 
ferred embodiment of the present invention. The 
hydrodynamic pad is located In the heel portion 12 of 
the midsole 16 of the shoe 14. This midsole is sand- 
wiched between a shoe outsole 18 that contacts the 
ground and a shoe upper portion 20 that is shaped and 
sized to receive the wearer's foot. The h^rodynamic 
pad 10 is positioned in the midsole to be under the heel 
of the wearer's foot when the shoe is worn. As dis- 
cussed in greater detail below, the hydrodynamic pad is 
constructed to dissipate ground reaction forces trans- 
mitted through the shoe to the wearer's heel during the 
heel strike pfiase of the wearer's gait cyde. The hydro- 
dynamic pad 1 0 is also constructed to seat the wearer's 
heel so as to stabiliz the heel from lateral motion rela- 
tive to the shoe's upper portion 20 during the heel strike 
phase and the flat foot phase. 
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The hydrodynamic pad 10 of the illustrated embod- 
iment has a generally teardrop shape that extends for- 
wardly relative to the midsole 16 (Figure 2) from a wide, 
rounded rear side 22 to a nan-ower rounded front side or 
apex 24 that points toward the toe of the shoe 14 (Fig- 5 
ure 2) when the hydrodynamic pad 10 is positioned 
within the midsola The hydrodynamic pad 10 is shaped 
and sized to coincide with the shape of the heel and cal* 
caneous bone 4 (Rgure 1) of the wearers foot, with the 
periphery of the rounded rear side 22 being sized to 70 
extend around the sides and rear periphery of the 
wearer's heel. The rounded apex 24 Is preferably posi- 
tioned to be urKier the wearer's foot just fonward of the 
calcaneous bone 4 (Figure 1). 

As best seen in Rgures 2 and 3. the hydrodynamic is 
pad 10 includes an inner bladder 26 that is connected 
by a plurality of fluid channels 27 to an outer bladder 28 
positioned outwardly of the inner bladder. The Inner and 
outer bladders 26 and 28, respectively, contain a vis- 
cous fluid 29 that is movalDle between the inner and 20 
outer bladders through the fluid channels. The inner 
bladder 26 has an anterior portion 30, two longitudinal 
side portions 32. and a posterior portion 34 that are 
interconnected, such that the inner bladder has a shape 
that generally corresponds to the shape of the wearer's 25 
heel and the calcaneous bone 4 (Figure 4). Accordingly, 
the inner bladder 26 Is positioned under the wearer's 
heel below the calcaneous bone 4 (Figure 1). so as to 
absoib and dissipate impact forces generated during 
the heel strike phase. 30 

The outer bladder 28 extends around and abuts the 
inner bladder 26. such that an anterior portion 36 of the 
outer bladder is fonfvardiy adjacent to the inner bladder's 
anterior portion 30. a posterior portion 38 of the outer 
bladder is rearwardly adjacent to the inner bladder's 35 
posterior portion 34. and side portions 40 of the outer 
b>ladder are outwardly adjacent to the inner bladder's 
longitudinal side portions 32. The inner bladder 26 is 
separated from the outer bladder 28 by a common blad- 
der wall 42, such the Ijladder wall defines the outer 40 
periphery of the inner bladder and the inner periphery of 
the outer bladder. The plurality of fluid channels 27 are 
formed in the bladder wall 42 and extend between the 
inner and outer bladders 26 and 28. The fluid channels 
27 altow the fluid 29 contained in the inner and outer 45 
bladders 26 and 28 to move between the inner and 
outer bladders. When compressive impact forces are 
exerted on the inner bladder 26 by the heel of the 
wearer during the heel strike phase, the compression 
impact force causes the inner bladder to compress, so 
thereby forcing a portion of the fluid 29 from the inner 
bladder, through the fluid channels 27. and into the 
outer bladder 28. As a result the impact forces during 
heel strike are dissipated, thereby minimizing the forces 
transmitted to the wearer. 55 

The fluid channels 27 are shaped and sized to pro- 
vide a controlled and restricted flow of the fluid 29 
between the inner and outer bladders 26 and 28. 
respectively, so as to accommodate different impact 
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forces resulting from different weights of runners or dif- 
ferent speeds of running. Accordingly, the flow of the 
fluid 29 between the inner and outer bladders 26 and 28 
is regulated by the fluid channels 27 and the force 
applied to the inner bladder. When force is applied to 
the inner bladder 26 causing it to compress, fluid flow 
from the inner bladder to the outer bladder 28 will con- 
tinue until either the force is removed, or pressure equi- 
librium between the inner and outer bladders is 
reached, or the fluid 46 Is substantially emptied from the 
inner bladder. 

The inner and outer bladders 26 and 28 are con- 
structed of resilient, elastic, puncture-resistant material, 
which allows the inner bladder to move from an initial 
position illustrated in Rgure 4. to a compressed posi- 
tion, illustrated in Figure 5, when the compressiv 
impact force is exerted on the Inner bladder during the 
heel strike phase. As the inner bladder 26 moves to the 
compressed position, at least a portion of the fluid 29 is 
forced out of the inner bladder, through the fluk:! chan- 
nels 27. and into the outer bladder 28. To accommodate 
the increased volume of the fluid 29 in the outer bladder 
28, the outer bladder expands from an initial position, 
illustrated in Figure 4. to an expanded position, illus- 
trated in Figure 5. The outer bladder 28 expands 
upwardly around the periphery of the wearer's heel, as 
the heel sinks downwardly and the inner bladder 26 
compresses, as shown in Figure 5. Accordingly the 
outer bladder 28 seats the wearer's heel and resists lat- 
eral movement of the heel relative to the hydrof low pad 
10 and the shoe 14, thereby stabilizing the heel, partic- 
ularly during the heel strike and the flat foot phases. 

When the outer bladder 28 is in the expanded con- 
dition, the resilient elastic material forming the outer 
bladder is biased toward the initial condition, such that 
tiie expanded outer bladder forces the return of at least 
a portion of the fluid 29 from tiie outer bladder, through 
the fluid channels 27. and into the inner bladder 26. 
when tiie compressive force exerted on the inner blad- 
der is reduced or removed. For example, during the toe 
off phase, the wearer's heel lifts relative to the ground 
such that the compressive force on the inner bladder 26 
is substantially removed, and the flukJ 29 is forced 
inwardly ttirough the fluid channels 27 and the outer 
ttedder 28 moves from tiie expanded condition to the 
initial condition. Simultaneously, the inner bladder 26 
moves from the compressed oondltfon to the initial con- 
dition, such that tiie hydroftow pad 10 is reinitialized and 
is ready to absorb and dissipate impact forces during 
heel sti-ike while stabilizing the wearer's heel from lat- 
eral motion relative to the shoe 14. 

In the preferred embodiment Illustrated herein, the 
inner and outer bladders 26 and 28. and tiie fluid chan- 
nels 27 are constructed of polyurethane to provide an 
elastic, puncture-resistant material. Examples of other 
suitable materials, for purposes of illustration, include 
polymefhane or polyvinyl composrtk>ns. acetate, acryl- 
ics, cellulosics, fluorocartx)ns, nylons. polycartx)nates. 
polyetiiylene. polybutylenes, polypropylenes. polysty- 
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renes, or polyesters. The elastic, puncture-resistant 
material has a thickness of between 0.2-0.5 millimeters 
to provide sufficient resistance to punctures. The thick- 
ness of the material can be greater or less than 0.2-0.5 
millimeters as needed for different designs to ensure 
puncture resistance of the hydrodynamic pad 10. 

The preferred embodiment of the hydrodynamic 
pad 10 is constructed by joining together upper and 
lower layers of the elastic puncture-resistant material by 
heat seating techniques so as to form the inner and 
outer bladder 26 and 28, the bladder wan 42. and the 
fluid channels 27 therein. As best seen in Figure 3, a fill- 
ing port 48 is connected to the posterior portion 38 of 
the outer bladder to allow the fluid 29 to be inserted into 
the inner and outer bladders 26 and 28 during manufac- 
turing of the hydrodynamic pad 10. After the desired 
amount of fluid is added to the inner and outer bladders 
26 and 28. the filling port 48 is pemianently sealed to 
prevent fluid leakage after being inserted into the mid- 
sole. 

The hydrodynamic pad 10 of the preferred emlxxdi- 
ment is illustrated as a rounded teardrop or egg shape, 
and is typically between about 30-40 millimeters along 
its broadest transverse axis and Isetween about 40-60 
millimeters along its longest longitudinal axis. The inner 
bladder 26 and outer bladder 28 are between about 3- 
10 millimeters thick when they contain the fluid 29. 

The hydrodynamic pad 10 is filled with the fluid 29 
to a volume comprising between about 40 percent and 
about 90 percent of the capacity of the hydrodynamic 
pad. Preferably, the fluid 29 is a 1000 Centistoke silicon 
teased fluid that fills between about 60 percent and 
about 80 percent of the volumetric capacity of hydrody- 
namic pad 10. Ruids suitable for use in the hydrody- 
namic pad 10 include any liquid or gaseous substance. 
Examples of other suitable fluids include water, glycerin, 
and oils, which may be combined with agents which 
increase viscosity of the fluid, such as, for example, 
guar. agar, cellulose materials, mineral thickeners, or 
silica. 

In an alternate emtxxliment of the present Invention 
illustrated in Figures 6 and 7. the hydrodynamic pad 10 
includes two outer bladders 50 spaced outwardly away 
from an inner bladder 52 on opposite sides of the inner 
bladder, such that a space 54 is provided between the 
inner bladder and the outer bladders. The inner bladder 
52 has an anterior portion 56. a posterior portion 60 
opposite the anterior portion, and two longitudinal side 
portions 58 extending between the anterior and poste- 
rior portions. The outer bladders 50 extend along the 
length of the longitudinal side portions 58 and terminate 
adjacent to the anterior and posterior portions 56 and 
60. respectively, of the inner bladder 52. The outer fcrfad- 
ders 56 seat the wearer's heel along the sides of the 
heel for lateral stability when the inner bladder 52 is in 
the compressed condition and the outer bladders 50 are 
in the expanded condition. 

The interior areas of the inner bladder 52 and outer 
bladders 50 are connected by a plurality of channels or 



conduits 62 that extend aaoss tiie space 54 between 
the inner and outer bladders. The conduits 62 channel 
the fluid 29 from tiie inner bladder 52 to the outer blad- 
ders 50 when compressive force is exerted on tiie inner 
5 bladder during heel strike such that the outer bladders 
expand to the expanded condition. The conduits 62 are 
shaped and sized to provide tiie restricted flow of tiie 
fluid 29 to tiie outer bladders to dissipate the ground 
reaction forces generated during heel sti'ike. Upon 
10 release of the compressive force from tiie inner bladder 
52. such as during heel lift in the toe off phase, the outer 
bladders 50 contract and force the fluid 29 t)ack through 
tiie conduits 62 and into the inner bladder 52. 

In a second alternate embodiment (not illustrated). 
15 the outer bladders 50 extend around tiie posterior por- 
tion 60 of the inner bladder 52. and the outer bladders 
terminate adjacent to each other rean<vard of the poste- 
rfor portion. Accordingly, the outer bladders 50 are sep- 
arate and the fluid can not flow directty from one outer 
20 bladder into the other. In a third alternate embodim nt 
(not illustrated), the two outer bladders 50 are con- 
nected adjacent to tiie posterior portion 60 of the inner 
bladder 52. such that fluid can flow directty from one 
outer bladder into tiie otiier. In this third embodiment. 
25 outer bladders 50 define a generally horseshoe shape 
tiiat is sized to seat and stabilize tiie heel of the wearer, 
as discussed above. 

In the illusti'ated embodiments, the inner bladders 
26 (Figure 3) and 52 (Rgure 6) have a generally tear- 
30 drop shape. In other alternate embodiments, the inner 
bladder has different shapes, such as an oval or a trian- 
gular shape, the outer t)ladder is positioned outward of 
tiie inner bladder so as to seat at least tiie sides of tiie 
wearer's heel, and stabilize the heel during tiie heel 
35 Strike phase. 

Although the present invention has been descrit>ed 
in terms of specific embodiments, changes and modifi- 
cations can be carried out without departing from tiie 
scope of the invention, which is intended to be limited 
40 only by the scope of the appended claims. 
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A hydrodynamic pad for insertion into a shoe that is 
adapted to receive a foot of a wearer, the foot hav- 
ing a heel, comprising: 

an inner bladder having an anterior portion, a 
posterior portion, and side portions extending 
between said anterior and posterior portions, 
sakj inner bladder being compressible from an 
initial condition to a compressed condition; 
an outer bladder outwardly adjacent to said 
side portions of said inner t)iadd^. said outer 
bladder being expandable from a first condition 
to a second, expanded condition, said outer 
bladder being shaped and sized to seat the 
heel when said outer bladder is in said second, 
expanded condition; 
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fluid channels extending between said inner 
bladder and said outer bladder; and 
fluid in said inner and outer bladders, said fluid 
being movable between said inner and outer 
bladders through said fluid channels, said fluid s 
moving from said inner t)ladder to said outer 
bladder and expanding said outer bladder from 
said first condition to said second, expanded 
condition when said inner bladder is com- 
pressed from said initial condition to said com- 10 
pressed condition. 

2. The hydrodynamic pad of claim 1 wherein said 
outer bladder extends around said anterior portion, 
said posterior portion, and said side portions of said is 
inner trfadder. 

3. The hydrodynamic pad of claim 1 wherein said 
inner bladder and said outer bladder are separated 

by an intermediate bladder wall, and said fluid 20 
channels extend through said intermediate bladder 
wall. 

4. The hydrodynamic pad of daim 1 wherein said 
outer bladder is spaced apart from said inner blad- 25 
der with a gap therebetween, and said fluid chan- 
nels extend across said gap. 

5. The hydrodynamic pad of claim 1 wherein said 
outer bladder has a substantially teardrop shape 30 
with a rounded rear portion adjacent to said poste- 
rior portion of said inner bladder. 

6. The hydrodynamic pad of claim 1 where said outer 
bladder includes first and second bladder portions 35 
on opposite sides of said inner bladder. 

7. The hydrodynamic pad of claim 1 wherein said 
outer bladder defines a continuous fluid path blad- 
der extending around said inner bladder. 4o 

8. The hydrodynamic pad of dalm 1 wherein said 
outer bladder is radially outward of said inner t»!ad- 
der. cuid said fluid channels extend radially outward 
from said inner bladder to said outer bladder. 45 

9. The hydrodynamic pad of claim 1 wherein said fluid 
channels Indude a plurality of channels substan- 
tially distributed around said inner bladder. 

50 

10. The hydrodynamic pad of daim 1 wherein said 
inner bladder is subjedable to a compression load 
exerted thereon, and said inner bladder is movable 
from said initial condition to said compressed condi- 
tion when the compression load is exerted on said 55 
inner bladder, said outer bladder is a resilient mem- 
ber adapted to force a portion of said fluid through 

at least one of said fluid channels to said inner blad- 
der when said outer bladder is in said second, 
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expanded condition and said compression toad is 
removed from said Inner bladder. 

1 1 . The hydrodynamic pad of daim 1 wherein said fluid 
is a viscous liquid and gas mixture filling said inner 
and outer bladders. 

12. A hydrcxJynamic pad for Insertion in a nwlsole of a 
shoe, comprising: 

an inner bladder having an anterior portion, tvwo 
longitudinal side portions and a posterior por- 
tion; 

an outer bladder positioned radially outwardly 
from at least the longitudinal side portions and 
the posterior portion of the inner bladder, and 
having a configuration resemtrfing a teardrop 
with a rounded rear portion of a size and shape 
which approximately coincides with a periphery 
of a heel of a person wearing the shoe; 
means for channeling fluid between the Inner 
bladder and the outer bladder; and 
a fluid contained witfiin the hydrodynamic pad; 
wherein, upon application of a compressiv 
force to the inner bladder, fluid is displaced 
from tfie inner bladder to the outer bladder, 
expanding ttie outer bladder, and causing the 
outer bladder to seat the heel, tfie outer blad- 
der being capable of forcing the return of at 
least a portion of tiie* fluid to tiie inner bladder 
when at least a portion of tiie compressive 
force IS removed from tiie inner bladder. 

13. The hydrodynamic pad of daim 12 wherein tiie 
outer bladder abuts tiie inner bladder. 

14. The hydrodynamic pad of claim 12 wherein the 
outer bladder is spaced away from the inner blad- 
der, ttie inner bladder and the outer bladder being 
connected by the channeling means. 

15. The hydrodynamic pad of claim 12 wherein the 
channeling means comprises a plurality of conduits 
positioned radially outwardly from at least the longi- 
tudinal side portions of tiie Inner bladder. 

1 6. The hydrodynamic pad of daim 1 2, further compris- 
ing a multiplicity of outer t>ladders radially spaced 
away from at least the anterior portiorijongitudinal 
side portions, and posterior portion of the inner 
bladder. 

17. The hydrodynamic pad of daim 12 wherein the pad 
is made of elastic, puncture-resistant material. 

18. A shoe comprising: 

an upper component shaped and sized to 
receive a foot of a wearer; 
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a midsole component adhered to at least a por- 
tion of the upper component: 
a hydrodynamic pad inserted in the midsole, 
wherein the hydrodynamic pad comprises an 
inner bladder and an outer bladder positioned s 
radially outwardly from the inner bladder, the 
outer bladder having a configuration resem- 
bling a teardrop with a rounded rear portion 
having a size and shape which approximately 
coincides with a bottom periphery of a heel of a io 
wearer, means tor channeling fluid between the 
inner bladder and the outer bladder, and fluid 
contained witNn the hydrodynamic pad. the 
fluid being capable of flowing outwardly from 
the inner bladder to the outer bladder through is 
the means for channeling fluid upon heel 
impact generating a center of distribution radi- 
ating from the inner bladder, and wherein the 
hydrodynamic pad is positioned in the midsole 
In a manner whereby the outer bladder seats 20 
the heel when the outer bladder is expanded by 
the outward flow of fluid resulting from heel 
impact, and wherein the outer bladder is capa- 
ble of forcing the return of at least a portion of 
the fluid to the inner bladder when at least a 2S 
portion of the force is removed from the hydro- 
dynamic pad; and 

an outsote adhered to at least a portion of a 
bottom face of the midsole. 

30 

19. The shoe of daim 18 wherein the outer bladder 
abuts the inner bladder. 

20. The shoe of daim 18 wherein the outer bladder is 
spaced away from the inner bladder, the inner blad- 3S 
der and the outer bladder being connected by the 
channeling means. 

21. The shoe of daim 18 wherein the channeling 
means comprises a plurality of conduits positioned 40 
radially outwardly from at least the longitudinal side 
portions of the inner bladder 

22. The shoe of claim 18 wherein the hydrodynamic 
pad comprises a multiplidty of outer bladders radi- 45 
ally spaced away from at least the anterior portion, 
longitudinal side portions, and rear portions of the 
inner bladder. 

23. The shoe of claim 18 wherein the hydrodynamic so 
pad is made of elastic, puncture-resistant material. 

24. A method of stabilizing a foot in a shoe while dissi- 
pating impact forces generated during heel strike, 
comprising: ss 

providing a hydrodynamic pad under a heel of 
the foot, the heel having a calcaneous bone 
therein, the hydrodynamic pad comprising an 



Inner bladder having an anterior portion, two 
side portions and a rear portion, an outer blad- 
der positioned outwardly from at least the longi- 
tudinal side portions and the rear portion of the 
inner bladder, fluid channels extending 
between the inner and outer bladders, and a 
fluid that is movable between the inner and 
outer bladders through the fluid channels, the 
inner bladder being positioned under the calca- 
neous bone of the heel, and the outer bladder 
being positioned approximately under the 
periphery of the calcaneous bone; 
impacting the hydrodynamic pad with the 
impact forces to compress the inner bladder 
and fordng at least a portion of the fluid out- 
wardly through the fluid channels from the 
inner bladder into the outer bladder thereby dis- 
sipating the impact forces transmitted to the 
foot: 

expanding the outer t^adder to receive said at 
least a portion of the fluid and seating the cal- 
caneous bone of the foot in the outer t)ladder 
and stabilizing the foot in the shoe when the 
outer bladder is expanded during heel strike; 
removing the impact forces from the inner blad- 
der after the outer bladder has been expanded; 
and 

contracting the outer bladder when the impact 
forces are removed from the inner bladder and 
returning at least a portion of the fluid through 
the fluid channels from the outer bladder to the 
inner bladder. 
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(54) Shoe having hydrodynamic pad 

(57) A hydrodynamic pad including fluid-filled inner 
and outer bladders interconnected by fluid channels 
and configured such that displacement of fluid from the 
center of pressure distrbution generated by foot impact 
radiates from the inner bladder outwardly to the outer 
bladder through one or more of the fluid channels caus- 
ing the outer bladder to expand to an expanded condi- 
tion. The expanded outer bladder seats the wearer's 
heel in the hydrodynamic pad, thereby stabilizing the 
foot of the wearer, and the controlled flow of fluid 
through the fluid channels to the outer bladder dissi- 
pates the impact loads, thereby cushioning the wearer's 
heel. When the pressure is released from the inner 
bladder, by lifting the wearer's heel, the expanded outer 
bladder forces at least a portion of the displaced fluid to 
the inner bladder, such that the hydrodynamic pad is 
reinitialized. 
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